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@ Ink pressure regulator for a thermal ink jet printer. 



@ An ink pressure regulator for use inside of a 
flexible ink bag reservoir for a replaceable or 
refillable ink cartridge comprises a bow spring 
(60) configured to have substantially linear for- 
ce/deflection characteristics and a pair of plates 
(40, 50) which collapse to a substantially flat 
shape to minimize the amount of ink remaining 
after printing has depleted the ink from the 
cartridge. The regulator may be manufactured 
of one or a plurality of separate pieces. 



CM 
< 



CO 
CO 
ID 



a. 

LU 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 583 154 A2 



2 



The present invention relates generally to ink re- 
servoirs for high speed computer driven inkjet printers 
and plotters and other applications where precise pat- 
tern dispensation of a fluid is required such as the lay- 
out of circuit masks. In such printers the ink reservoir s 
is ordinarily maintained under a sub-atmospheric or 
negative pressure so that ink will not leak or drool 
from the printhead. Various types of ink reservoirs 
may be used including ref illable ink reservoir cartridg- 
es which are mounted on the moveable printer car- 10 
riage, throwaway replaceable cartridges which are 
mounted on the printer carriage and remote or off- 
board ink reservoirs from which ink is pumped to the 
print head by tubing. In the onboard refillable or 
throwaway cartridges, a polymer foam is ordinarily 15 
provided in the ink reservoir so that the capfllary ac- 
tion of the foam will prevent ink from drooling from the 
printhead. Polymeric foams of the type typically used 
for this purpose are non-biodegradable and thus 
cause environmental problems whenever a previous- 20 
ly used cartridge is emptied and thrown away. In ad- 
dition, the use of industrial foam in the ink reservoir 
restricts the operating pressure range of the ink car- 
tridge and such foams ordinarily leave a chemical re- 
sidue which is incompatible with and/or reacts ad- 25 
versely with printer ink. Similarly, the relatively long 
tubing used to convey ink from an offboard pressure 
reservoir to a printing head does not lend itself well for 
different printing pressure ranges. 

A collapsible ink reservoir for an inkjet printer is 30 
disclosed in U.S. Patent No.. 4,422,084 issued Dec. 
20, 1 983 to Saito. Negative pressure is maintained in 
a polypropylene ink bag by a spring which biases the 
bag walls apart from each other. 

One example of an on board -ink pressure reser- 35 
voir cartridge is disclosed in U.S. Patent Application 
Serial Number 07/717,735 filed June 19, 1991 enti- 
tled SPRING-BAG PRINTER INK CARTRIDGE WITH 
VOLUME INDICATOR filed by David S. Hunt and W. 
Bruce Reid and assigned to the assignee of the pres- 40 
ent invention. The cartridge disclosed in that applica- 
tion basically comprises a rectangular housing con- 
taining a flexible bag of ink, an ink filter and a print- 
head which receives ink from the filter. A spring inside 
of the bag of ink urges its flexible walls apart from 45 
each other thus maintaining a negative or sub-atmos- 
pheric pressure in the reservoir which is overcome as 
ink is emitted from the printhead. Cartridges of this 
type, while well suited for their intended purpose, suf- 
fer from the disadvantage that ink is not always com- so 
pletely used since the spring occupies a certain vol- 
ume of space inside of the ink bag. As seen in that ap- 
plication, the spring essentially consists of a pair of 
spaced parallel plates which are urged apart by a 
spring. 55 

Also of interest are U.S. patent applications 
owned by the assignee of the present invention and 
currently identified by HP Docket No. 191,501 titled 



COLLAPSIBLE FILM- BAG/FRAME and HP Docket 
No. 189,045 titled INK DELIVERY SYSTEM, both of 
which have been filed on the same day as the present 
applicaton and the disclosures of which are hereby in- 
corporated by reference. 

Summary of the Invention 

The present invention provides a pressure regu- 
lator for a liquid ink cartridge having an ink reservoir 
to be maintained under negative pressure, said regu- 
lator comprising: 

a) a pair of spaced side plates respectively eng- 
ageable with moveable walls of said reservoir; 
and 

b) a bow spring having a bight disposed between 
said plates and urging said plates apart from each 
other. 

The present invention further provides a thermal 
inkjet printer ink cartridge comprising a rigid housing 
containing an Ink reservoir to be maintained under 
negative pressure, said reservoir having at least one 
flexible wall, a thermal inkjet print head in fluid com- 
munication with the interior of said reservoir and an 
ink pressure regulator in said ink reservoir, said reg- 
ulator comprising: 

a) a pair of spaced substantially parallel flat side 
plates respectively engageable with said flexible 
wall of said reservoir; and 

b) a bow spring having a pair of opposed bights 
disposed between said plates and urging said 
plates apart from each other. 

Brief Description of the Drawings 

Figure 1 is an exploded perspective view of a r - 
placeable or throwaway ink cartridge for a thermal 
inkjet printer. 

Figures 2Aand 2B are plan views of two embodi- 
ments of a continuous metal strip of plates which are 
intended to be severed from each other to form indi- 
vidual side plates for a first embodiment of a pressure 
regulator. 

Figures 3Aand 3B are plan views of two embodi- 
ments of a continuous strip of metal segments which 
are intended to be cut apart to form bow springs for 
use with the plates of Figure 2. 

Figure 4 is a side view of a pressure regulator 
comprised of a pair of side plates and bow springs. 

Figure 5 is a plan view of second embodiment of 
a continuous strip of metal plates like Figure 2. 

Figure 6 is a perspective view of a modified pres- 
sure regulator having the side plates of Figure 5. 

Figure 7 is a plan view of a continuous metal strip 
configured to form a pressure regulator comprised of 
spaced plates and a bow spring therebetween from a 
single piece f metal. 

Figur 8 is a graph plotting force/deflection char- 



3 



EP0 583 154 A2 



4 



acteristics of pressure regulator springs constructed 
according to the teachings of the present invention. 

Description of the Preferred Embodiment 

5 

The replaceable ink cartridge in which the pres- 
ent invention is used is seen in Figure 1 to comprise 
a rigid housing 10 having a pair of spaced cover plates 
12, 14 intended to be affixed as by cementing to op- 
posite sides of a plastic peripheral wall section 16. 10 
Snout portion 13 of the cartridge has an ink discharge 
aperture in its lowermost end wall (as seen in Fig. 1) 
to which is affixed an electrically driven print head, not 
shown. 

A flexible ink reservoir bag comprising a pair of is 
membranes 22, 24 which are joined at their peripheral 
edges to the inside of wall section 16 of the reservoir 
contains a pressure regulator 30 which in turn is com- 
prised of a pair of spaced parallel plates 40, 50 urged 
apart by a bow spring 60 into engagement with the 20 
flexible reservoir wall membranes 22, 24. The snout 
portion 1 3 of housing 1 0 contains an ink filter 1 8 which 
is placed in fluid communication with the flexible bag 
ink reservoir by suitable porting and has an ink outlet 
in fluid communication with the printhead. 25 

The pressure regulator side plates 40, 50, best 
seen in Figures 2A and 2B, may be individually cut 
from a continuous metal strip of metal such as stain- 
less steel. In the presently preferred embodiment, 
each plate is of generally rectangular configuration 30 
with rounded corners to avoid damaging the flexible 
bag membranes. Optionally as seen in Fig. 2A t notch- 
es 42, 52 may be provided in the oppositely facing 
ends of each plate for a purpose to be described. In- 
dexing holes 44 and indicators 46 may be placed in 35 
each plate segment to properly position the plates for 
cutting and tooling. 

Figures 3A and 3B show different embodiments 
of a strip of individual bow springs 60 which also may 
conveniently be cut from a common strip of metal. 40 
Each bowspring 60 comprises a pair of adjacent dia- 
mond shaped segments 62, 64 which is cut from the 
strip at outlines aa and bb as seen in Fig. 3A. A junc- 
tion between the two adjoined generally diamond 
shaped segments of each bow spring forms a spring 45 
hinge 66. Preferably, the spring hinge 66 has a rec- 
tangular aperture 68 therein which defines a pair of 
spaced parallel hinge segments 70, 72. 

At one of the ends of the diamond shaped seg- 
ments which is removed from the hinge, a transverse so 
slot 74 is formed and at the other remote end of the 
diamond shaped segments a tab 76 is cut of dimen- 
sions to be received in the slot 74 when the spring is 
bent back about the hinge 66 to form a pair of bights 
A, B (Figure 4). The embodiment of the spring shown 55 
in Fig. 3B has a slightly wider profile than the spring 
seen in Fig. 3A (the length and width are design 
choices) and is provided with elongate slots 65 at the 



locations shown which give the designer an added 
parameter of control over the final bending character- 
istics of the spring. 

The bow spring 60 is affix d f preferably by spot 
or laser welding at the apexes 80, 82 of each of its 
bights A, B centrally onto each of the sideplates 40, 
50. The spring 60 in its unstressed condition occupies 
the solid line configuration of Figure 4. As the regu- 
lator is assembled into an ink cartridge, the regulator 
is collapsed partially such that it initially occupies a 
prestressed condition inside the cartridge housing. 
The amount of this prestressing is readily controllable 
by the designer by selecting the desired degree of 
curvature to which the bow spring is bent 

As ink is withdrawn from the reservoir bag, the 
flexible sidewalls 22, 24 of the bag and the pressure 
regulator sideplates 40, 50 gradually move towards 
each other whereby the plates and bow spring occu- 
py the partially collapsed position shown in phantom 
lines shown in Figure 4. Further collapse of the spring 
60 as the reservoir is evacuated of ink results in the 
spring occupying an essentially flat condition with the 
two sideplates 40, 50 coming virtually into contact 
with each other as the upper interconnected slot 74 
and tab 76 ends of the spring move between the op- 
posed apertures 42, 52 in the upper ends of the two 
spaced sideplates 40, 50. Similarly, th£ lower hing 
end of the spring 60 moves into the space left by the 
lower apertures 42, 52 in the two opposed sideplates 
40, 50 whereby the pressure regulator is allowed to 
collapse to a substantially flat configuration. In prac- 
tice, the regulator may have a spring ratio of from 
about 25 : 1 to as much as 50 : 1 . This permits the reg- 
ulator to substantially collapse so that substantially all 
of the ink in the reservoir may be used before the r - 
servoir is discarded or refilled, as the case may be. 

Ideally, both sideplates 40, 50 and the bowspring 
60 are made of a non-corrosive sheet metal such as 
stainless steel. In one embodiment, a spring has been 
constructed of stainless steel of 6 mils thickness and 
the sideplates are constructed of Type 301 spring 
tempered stainless steel of 7 mils thickness having a 
minimum tensile strength of 220,000 psi and a mini- 
mum yield strength of 200.000 psi. 

The force/deflection characteristics of the vari- 
ous springs constructed as above described are 
shown in Fig. 8. In general, springs which require a 
greater collapsing force produce a higher negative 
pressure in the ink reservoir bag. The spring collaps- 
ing force is readily controllable by varying one or more 
of (1) the spring thickness, (2) the spring length, (3) 
the spring width, and (4) the degree of curvature of 
the spring. The slot 74 and tab 76 connection and the 
aperture 68 are designed to provide minumal effect 
on the bending characteristcs of the spring. 

Figure 8 is the result of a plot of a number of test- 
ed springs each having the same construction. Fig. 8 
shows a curved rather than a linear relationship be- 
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twe n spring deflection and deflection force as the 
spring 60 collapses from an outside width of th side- 
plates of about 37mm down to 6mm. At the end of the 
range where the spring is substantially collapsed, the 
curve becomes substantially linear as more force is s 
required to collapse the spring the last few millime- 
ters. However, in the operating range the spring is in- 
stalled with a prestressed width of about 16 mm and 
it is seen that the amount of added force required to 
collapse the spring in the range of from about 16mm 10 
down to about 6mm actually decreases with increas- 
ing deflection. These deflection characteristics are at- 
tained primarily by the novel configuration of the 
spring hinge 66 and diamond or trapezoidal configur- 
ation of the spring segments 62, 64. In the manufac- 15 
turing process, the spring strip is bent to a selected 
bow or curvature which results in the desired amount 
of force required to deflect the spring as ink is evac- 
uated from the reservoir. The end result is a substan- 
tially complete evacuation of ink from the flexible bag 20 
since the pressure regulator typically occupies only 
about one percent of the full reservoir volume. The 
trapezoidal or substantially diamond configuration of 
the spring segments 62, 64 also results in substantial- 
ly the spring characteristics seen from in Fig. 8. In- 25 
spection of Figure 4 will show that, in the totally col- 
lapsed position of the spring, the upper and- lower 
ends of the spring 60 are still disposed slightly inward- 
ly of the upper and lower edges of the sideplates 40, 
50 whereby neither the spring hinge 66 nor the cou- 30 
pled slot and tab 74, 76 project outwardly thereof to 
a position which would be likely to damage the flexible 
bag walls 22, 24. 

Figures 5 and 6 show a modified embodiment of 
the pressure regulator in which each of the sideplates 35 
40, 50 has a notch 42, 52 only in one end thereof. The 
notchs are positioned to receive the end of the bow- 
spring having the bent spring hinge 66 and provide 
clearance therefor as the regulator collapses. It has 
been found that notches at the other ends of the 40 
plates to receive the ends of the bowspring which 
have the slot 74 and tab 76 are not essential since in 
the completely collapsed condition of the regulator, 
the slot and tab ends lie adjacent to each other and 
do not occupy as much space (in the vertical direction 45 
as viewed in Fig. 6) as does the bent end of the bow- 
spring where the notches 42, 52 are placed. 

If desired, the pressure regulator may be formed 
from a single piece of metal such as stainless steel as 
seen in Fig. 7. In this embodiment, individual pressure 50 
regulators are formed from a continuous metal strip 
severed at cut lines a-a with the central diamond 
shaped spring portions 90, 92 being bent to a curved 
shape such as seen in Figs. 1 and 3 and with the rec- 
tangular side portions 94, 96 remaining substantially 55 
flat to form the sideplates. The ends of the bow spring 
portions have been provided with appropriate config- 
uration to form a bent hinge 98 at one end of the bow 



spring and an engageable tab 100 and slot 1 02 at the 
other ends of the spring portions 90, 92. 

The pressure regulators described herein are 
easy to fabricate as well as easy to assemble without 
loss of precise control of the final spring characteris- 
tics. Persons skilled in the art will readily appreciate 
that various modifications can be made from the pre- 
ferred embodiment thus the scope of protection is in- 
tended to be defined only by the limitations of the ap- 
pended claims. 



Claims 

1 . A pressure regulator for a liquid ink cartridge hav- 
ing an ink reservoir to be maintained under neg- 
ative pressure, said regulator characterized by 
comprising: 

a) a pair of spaced side plates (40,50) respec- 
tively engageable with moveable walls 
(22,24) of said reservoir; and 

b) a bow spring (60) having a bight A, B dis- 
posed between said plates and urging said 
plates apart from each other. 

2. The pressure regulator of claim 1 , characterized 
in that said bow spring has a pair of opposed 
bights (80,82) disposed between said plates. 

3. The pressure regulator of claim 2, characterized 
in that said plates (40,50) are substantially paral- 
lel to each other. 

4. The pressure regulator of claim 3, characterized 
in that said bow spring (60) is affixed to each of 
said plates (40,50). 

5. The pressure regulator of claim 2 or 3, character- 
ized in that said bights each have an apex and 
said bow spring is affixed at said apices to the re- 
spectively adjacent side plates. 

6. The pressure regulator of any one of the preced- 
ing claims, characterized in that said spring is 
comprised of a pair of adjoined generally dia- 
mond shaped segments (62,64) having a junction 
therebetween which forms a spring hinge (66). 

7. The pressure regulator of claim 6, characterized 
in that said spring hinge has an aperture (68) 
therein which defines a pair of spaced hinge seg- 
ments (70,72). 

8. The pressure regulator of claim 7, characterized 
in that said aperture is rectangular to define a pair 
of spaced parallel hinge segments. 

9. The pressure regulator of claim 6,7 or 8, charac- 
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,r terized in that said spring (60) has a slot (74) 
proximate the remote end of one of said pair of di- 
amond shaped segments and has a tab (76) prox- 
imate the remote end of the other of said pair of 
diamond shaped segments, said tab being re- 5 
cerved in said slot when said spring is bent about 
said hinge to form said bights. 

10. The pressure regulator of claim 7, characterized 

in that said plates each have at least one notch 10 
(42,52) in opposed parallel edges thereof, said 
notches providing clearance for receiving said 
adjacent tab and notch ends of said spring as said 
plates move toward each other. 

15 

11. The pressure regulator of claim 10, characterized 
in that said plates each have a second notch in 
the parallel edges thereof opposite said opposed 
parallel edges, said second notches providing 
clearance for receiving said hinge as said plates 20 
move toward each other. 



12. The pressure regulator of claim 2, characterized 
in that said plates and said spring are formed 
from a single piece of material. 25 

13. A thermal Inkjet printer ink cartridge comprising 
a rigid housing containing an ink reservoir to be 
maintained under negative pressure, said reser- 
voir having at least one flexible wall (22,24) and 30 
an ink pressure regulator in said ink reservoir, 

said regulator characterized by comprising: 

a) a pair of spaced substantially parallel flat 
side plates (40,50) respectively engageable 
with said flexible wall (22,24) of said reser- 35 
voir, and 

b) a bow spring (60) having a pair of opposed 
bights disposed between said plates and urg- 
ing said plates apart from each other. 

40 
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FIG. 7 
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(g) Ink pressure regulator for a thermal Inkjet printer. 

(57) An ink pressure regulator for use inside of a 
flexible ink bag reservoir for a replaceable or 
refillabie ink cartridge comprises a bow spring 
(60) configured to have substantially linear for- 
ce/deflection characteristics and a pair of plates 
(40, 50) which collapse to a substantially flat 
shape to minimize the amount of ink remaining 
after printing has depleted the ink from the 
cartridge. The regulator may be manufactured 
of one or a plurality of separate pieces. 
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